The former and present distribution of white clawed crayfish (Austropotamobius pallipes) in the province of Granada (southern Spain) is studied. Before 1980 it was widely distributed but at present only 16 populations exist. The decline is related to the presence of the freshwater red-swamp crayfish (Procambarus clarkii), an American species, vector of the aphanomycosis disease, introduced to the Iberian Peninsula in 1974 and now widely distributed in the watercourses and marshes of southern Spain. To establish an appropriate conservation policy for A. pallipes at its southernmost distribution limit, we studied watercourses from two river basins, Genil and Guadiana Menor, (tributaries of the Guadalquivir River). P. clarkii inhabits the medium to lower reaches of these two river basins (with its upper limit at 820 m a.s.l.). The distribution of this species was best explained by the effect of three of the 12 analyzed variables: altitude, water-current and minimum winter temperatures. From our results, the repopulation of the native crayfish is almost impossible in those reaches inhabited by P. clarkii. However, based on the habitat selection study, it is clear that upper reaches are unsuitable for the red-swamp crayfish, where the native white-clawed crayfish may have greater survival possibilities, and these sites can be used for future restocking projects. #
Introduction
Austropotamobius pallipes is the only native European freshwater crayfish distributed in the Iberian Peninsula, southern Spain (province of Granada) being its southernmost limit (Holdich and Lowery, 1988) . In Europe it is considered a vulnerable species (IUCN, 1996) , and is at high risk of extinction in southern Spain (Gil-Sa´nchez and Alba-Tercedor, 1998) . Recently, Santucci et al. (1997) , in a genetic study, have compared different European populations, concluding that those from Granada have an exclusive genetic identity, though closely linked to the Italian subspecies Austropotamobius pallipes italicus, considered by many authors to be a separate species, Austropotamobius italicus. The taxonomic status of the freshwater crayfish in the province of Granada is far from clear; in fact, in addition to the genetic idiosyncrasies shown by some populations, they differ slightly morphologically (particularly in having a shorter rostrum) and ecologically (Gil-Sa´nchez, 1999) . Santucci et al. (1997) suggested that this species could represent a glacial relict, and thus its extinction would represent a loss of an animal of significant scientific interest.
The red-swamp crayfish (Procambarus clarkii) (family Cambaridae), a species endemic to southeastern North America (Huner, 1988) , was introduced into the marshes of the Guadalquivir River in southwestern Spain in 1973 for commercial reasons (Habsburgo-Lorena, 1979) . The selling of live specimens spread the species throughout the Iberian Peninsula and, this crayfish is now quite common and especially abundant in the southern half of the peninsula (Gutie´rrez-Yurrita et al., 1999) . Between 1988 and 1990 the species was recorded in nine different sites from two different river basins in Granada (Zamora-Mun˜oz, 1992; Picazo-Mun˜oz, 1995; Zamora-Mun˜oz and Alba-Tercedor, 1996) . This species is well known as a vector of the aphanomycosis, disease caused by the fungus Aphanomyces astaci (Die´guez-Uribeondo and So¨derha¨l, 1993; Die´guez-Uribeondo et al., 1995) , which is lethal to the European species of freshwater crayfish (Astacidae), decimating entire populations (Alderman and Polglasse, 1988; Gherardi and Holdich, 1999) .
In this paper we present the results of studies of the distribution of Austropotamobius pallipes and P. clarkii in the province of Granada. Moreover, in an effort to establish conservation measures for the native species, possible consequences of the expansion and habitat selection of P. clarkii are analyzed.
Study area
The province of Granada ( Fig. 1) Most watercourses belong to the Guadalquivir River basin, and some drain the Sierra Nevada Mountains (Pulido-Bosch, 1980; Zamora-Mun˜oz, 1992; PicazoMun˜oz, 1995) . In general, water quality is very good at the headwaters but deteriorates downstream as a result of urban sewage. The high seasonality and extensive water extraction for agriculture drastically diminishes flow, sometimes even resulting in dry watercourses (Zamora-Mun˜oz, 1992; Picazo-Mun˜oz, 1995; ZamoraMun˜oz and Alba-Tercedor, 1996) .
Material and methods
Using bibliographical data (Pardo, 1941; Torre and Rodrı´guez, 1964 ) and a questionnaire sent to all the municipalities and river authorities, we attempted to determine the historical distribution of Austropotamobius pallipes. This information, in combination with the area of potential distribution (estimated according to limestone geological composition), was used to establish a network of sampling stations.
To establish the actual distributions of the native and introduced species, we conducted six sampling campaigns during 1991, 1996, 1997, 1998, 1999 and 2000 in 153 sites throughout the Province. For this purpose, hand sampling and/or baited fish traps were used following the normal sampling procedures used to study freshwater crayfish populations (Brown and Bowler, 1977; Arrignon, 1983; Holdich and Domaniewski, 1995;  Fig. 1. Historical and actual distribution of Austrapotamobius pallipes in Granada. Reynolds and Mathews, 1993; Lappalainen and Pursiainen, 1995; Gherardi et al., 1996) . Cylindrical fish traps of 50Â20 cm, were made using plastic netting of 1Â1 cm mesh size. These had two free opposite openings to permit entry (Fja¨lling, 1995) and another blocked central opening to permit extraction. In summer (July and August), three traps (baited with frozen squid) were set during the evenings (between 1700 and 2100 h) at each sampling site and collected the following day (between 0800 and 1200 h).
The habitat selected by P. clarkii was investigated by characterizing each sampling station using 12 variables (Table 1 ). To identify the factors responsible for the distribution of the species, two statistical analyses were done, as follows. First, using a forward stepwise discriminant analysis variables were related to the presence/absence of the species at each sampling site. A multiple regression analysis was then conducted to relate each independent variable to the standardized abundance of P. clarkii (expressed as number of captures/trap) as has been done by other authors (Eversole and Foltz, 1993; Foster, 1995) . Results from a total of 16 positive and 48 negative sampling sites (corresponding to the sampling of 1996 and 1998) were used for statistical analyses.
Results
Data from the questionnaire and bibliography revealed that the native species was formerly distributed in the calcareous water courses studied, but not distributed in the larger rivers (Genil and Guadiana Menor) or siliceous zones of the Sierra Nevada mountains. A total of 427 km of water courses were occupied by Austropotamobius pallipes (Fig. 1) . However, a drastic decline in populations occurred after 1980, and now there are only 16 populations, of which two are the result of successful artificial reintroductions during 1997 and 1998 (Figs. 1 and 2 ). The present populations are located in headwater streams and small springs up to 1450 m a.s.l., generally with very limited occupation of territory (4-7875 m). Since they are clearly isolated from other sites they can be considered as marginal and relict populations. It is interesting to point out that in every case these populated sites are isolated from each other by dry stretches, anti-erosion dams or water falls.
The abundance in 1998-2000 was quite variable; in some sites it was possible to catch only one specimen after an extensive sampling effort by hand, whereas in other sites up to 47 specimens were caught in a baited fish-trap overnight.
Currently, P. clarkii is found throughout the Province, inhabiting three different river basins (Fig. 3) . It is distributed in the middle and lower reaches of watercourses up to 840 m a.s.l. and occupies 30% of the historical distribution area of Austropotamobius pallipes (Figs. 1 and 3) .
Values of variables used in the habitat selection analysis of P. clarkii are shown in Table 2 . From the discriminant analysis of 12 variables eight could be ranked in order of importance: 8, 4, 7, 12, 10, 9, 3 and 5. These explain 80.85% of the total sampling sites; 64.28% of positive sites (presence) and 87.87% of negative ones (absence). With the number of variables reduced to three first-order variables (8: altitude, 4: current velocity and 7: winter temperature), the model explains 75% of total sampling sites, 56.25% of positive sites and 81.25% of negative ones. According to the discriminant function, the following equations were thus formulated:
where P=positive site (with P. clarkii), N=negative site (without P. clarkii); A=altitude, V=current velocity, T=minimum winter temperature. The analysis of abundance by multiple regression did not give significant results; the three first selected variables explained only 31.9% of the variance and was without statistical significance (R 2 =0.319, F=2.031, P=0.159).
Discussion
A recent paper (Gutie´rrez-Yurrita et al., 1999) , considered Austropotamobius pallipes to be virtually absent in the province of Granada. However, this is not correct, since we found 16 populations. This point is extremely important when preparing conservation strategies to preserve this native species at its southernmost limit in southern Europe.
The arrival of P. clarkii coincided with the first observations of local extinction of the indigenous species Austropotamobius pallipes in Granada. Aphanomycosis disease in Austropotamobius pallipes has been detected in Granada (Gil Sa´nchez, 1999) . As there are now no sympatric populations of the two species in the whole area, it appears highly likely that the introduced species caused (at least in the past) the regression of the native species, and it is now blocking the recovery of Austropotamobius pallipes. Probably other factors (drought, water extraction, and pollution) have a synergic effect, but these are minor if one considers the wide colonization and distribution area of P. clarkii.
The reduction in distribution of Austropotamobius pallipes, seems now to have stabilized (Fig. 2) . This can be explained by considering the inability of P. clarkii to colonize mountainous headwater streams.
The model computed for the habitat selection of P. clarkii explains quite well its current distribution in the province of Granada, with altitude being identified as the most important single variable. Studies carried out in other Spanish regions, such as Aragon and Navarra, concluded that this species is distributed only along the lower stretches of the watercourses of these regions (Bolea Berne´, 1995; Die´guez-Irubeondo et al., 1997) . Altitude may explain other variables selected by the discriminant analysis; that is, in upper reaches the current velocity is higher, and thereafter substrate is coarser, more compacted (and more difficult to excavate) and thus not suitable for the introduced red-swamp crayfish. Thus, although the species shows a great plasticity, it is a typical burrowing inhabitant of permanent and temporary marshes with calm waters (see revision by Huner, 1988) . Therefore, in Spain the highest densities and commercial production are restricted to the Guadalquivir river marshes (Gallego and Ocete, 1985) . Water temperature closely follows altitude, and P. clarkii in its original area is a typical inhabitant of warm waters (Huner, 1988) . However, in Europe it sometimes appears to inhabit cold areas , and in northern Germany Dehus et al. (1999) recorded a population tolerating an ice cover of several weeks duration. The role of temperature as an isolated factor is not clear, and probably it acts synergically with some of the other variables selected by the computed model.
As a typical member of the family Cambaridae (Payne, 1997) , P. clarkii exhibits fast development (Huner, 1988) and requires productive water systems. This fits with the lower reaches of the watercourses in Granada province, which are strongly affected by cultural eutrophication (Zamora-Mun˜oz, 1992; PicazoMun˜oz, 1995; Zamora-Mun˜oz and Alba-Tercedor, 1996) , and hence the variables related to the biological water quality were selected by the discriminant analysis.
The poor results obtained from applying the multipleregression analysis may be due to the low number of captures of P. clarkii in each positive site, an overall average of 1.58 specimens per trap (n=52 traps, maximum capture=8 specimens/trap) compared with an overall average of 8.52 Austropotamobius pallipes per trap (n=92 traps, maximum capture=47 specimens/trap). This difference in captures of the two species is highly significant (U=1137.0, Z=À5.28, P=0.00001), suggesting that P. clarkii is not well adapted to the ecological conditions of the water courses in the province of Granada.
In other regions of the Iberian Peninsula within the area of distribution of Austropotamobius pallipes, no detailed studies are available on the factors limiting P. clarkii. In northeast Spain, however, Die´guez-Irubeondo et al. (1997) suggested that low temperatures and oligotrophic conditions were probably the factors limiting P. clarkii in the region of Navarra. Not far away, in the region of Aragon, Bolea-Berne´(1995) expressed a similar idea, adding the negative effect of the presence of very compacted substrates.
In conclusion, the introduction of the freshwater redswamp crayfish (P. clarkii) appears to have caused regression in the native species (Austropotamobius pallipes), and currently constitutes a major risk factor for the survival of this species, as well as a limitation for its rehabilitation. However, according to our data on the distribution and limiting factors of P. clarkii, we conclude that a great part of potentially suitable watercourses for Austropotamobius pallipes in the province of Granada remain unthreatened. Such areas can be used to develop future rehabilitation projects by restocking with the native species as proposed by Die´guez-Irubeondo et al. (1997) , Holdich and Rogers (1997) and Gherardi and Holdich, (1999) . 
